Certain pleomorphic archaeal viruses are highly infectious even at saturated salt. These 2 viruses belong to the genus Betapleolipovirus of the recently described archaeal virus family 3 Pleolipoviridae. Pleolipoviruses comprise single-stranded or double-stranded, circular or linear 4 DNA genomes that share countless homologs among various archaeal genetic elements. Here we 5 describe a new extremely halophilic betapleolipovirus, Halorubrum pleomorphic virus 9 6 (HRPV9), which has an integrase gene. We also identified new genes encoding minor 7 pleolipoviral structural proteins. The studies on HRPV9 enhance our knowledge on 8 pleolipoviruses, especially their reciprocal relatedness and relation to certain archaeal plasmids, 9 proviruses and membrane vesicles.
icosahedral tailed haloviruses are reversibly inactivated by low NaCl concentrations [10] , in the 1 case of pleolipoviruses, the inactivation is irreversible [9] . 2 Halorubrum pleomorphic virus 9 (HRPV9) was originally isolated during a study on 3 halocins, which are antimicrobials produced by halophilic archaea [11] . Here we describe the 2 The archaeal strains used in this study (Table S1 ) were aerobically grown according to the 3 Halohandbook (http://www.haloarchaea.com/resources/halohandbook/) and as described in [11] . (Table S1 ). Halorubrum sp. SS5-4 was used as a host for HRPV9 in temperature tests and two 8 repeats of NaCl sensitivity test. Halorubrum sp. SS7-4 was used as the host in all other tests due 9 to its better stability as a virus host over time compared to the strain SS5-4.
Virion stability, host range and life cycle
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A C C E P T E D ACCEPTED MANUSCRIPT 6 post infection (p.i.), at 0.5 and 1 h p.i. Cells were washed at 1.5 h p.i. after which OD 550 , free 1 progeny viruses, infective centers, and viable cells were monitored. 3 Virus particles were precipitated from agar stocks using 10% polyethylene glycol 6000 4 and aggregates were removed [13] . Viruses were purified by subsequent rate-zonal (sucrose) and 5 equilibrium (CsCl) centrifugation as described in [13], using Sorvall TH641 rotor (rate-zonal 6 centrifugation time was 2 h 40 min; density of CsCl solution was 1.35 g ml -1 , and CsCl 7 centrifugation temperature was 20°C). After purification in CsCl, particles were diluted 1:1 to 8 18% SW devoid of NaCl and concentrated by differential centrifugation (Sorvall Ti50 rotor, 9 30000 rpm, 2 h, 15°C). Protein and lipid analyses on sodium dodecyl sulfate polyacrylamide gel 10 electrophoresis (SDS-PAGE) were performed according to [13] . Lipids were extracted from 11 HRPV9, the host SS7-4, and Haloarcula hispanica and analyzed by thin layer chromatography as 12 described in [9] with the exception that after ammonium molybdate staining, the silica plates 13 were incubated at 130°C for 5 min. For mass spectrometry (MS), HRPV9 protein bands were cut from the polyacrylamide gel 20 and processed as described in [9] . Liquid chromatography and tandem MS analysis were carried 21 out according to [9] with the following exceptions. Samples were digested by adding either 0.75
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England BioLabs) and incubated overnight at 37°C. Only full-tryptic or Asp-N peptides with a 1 maximum of one missed cleavage were considered in the analysis of MS scans. Table S1 ). The agar stock titer (on average ~2×10 11 pfu/ml) 3 remained unchanged throughout two months at 4°C, but incubation at 60°C and above, resulted 4 in the loss of infectivity. For all the tested salts, only the absence of NaCl reduced virus titer to 5 3.3×10 9 pfu/ml after 7 d incubation. The virus was stable even at 5.0 M NaCl, as after 7 d 6 incubation, the titer was 1.3×10 11 pfu/ml. Infectivity dropped over time in 50 mM Tris-HCl to 7 6.5×10 9 (3 h), 6.4×10 8 (24 h), and 9×10 3 pfu/ml (7 d). These results indicate that HRPV9 is 8 stable from relatively low (0.5 M) to almost saturated NaCl concentrations, which seems to be 9 characteristic for betapleolipoviruses [9] . 10 Viruses adsorbed efficiently to the SS7-4 cells, as 60% of the particles were adsorbed at 2 11 h p.i (Fig. 1A) . The adsorption rate constant calculated for 30 min p.i. was 8.5×10 -11 ml/min.
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Similarly to other pleolipoviruses [9, 13] , HRPV9 infection cycle is non-lytic and persistent with 13 a continuous, high production of progeny virus particles (Fig. 1B) . However, the numbers of 14 viable cells were substantially lower in the infected culture (Fig. 1C) , as also reported for other 15 betapleolipoviruses, such as HHPV3 and HRPV-3 [9, 13] . The observed high numbers of 16 infective centers (Fig. S1 ) indicate that the majority of the cells were infected. Two-step virus 17 purification yielded approximately 10% of highly pure infective particles. SDS-PAGE analysis 18 followed by MS analysis showed that the composition of HRPV9 structural proteins is typical for 19 pleolipoviruses (Fig. 1D, Fig. S2) [13]. HRPV9 has one spike protein (VP14) and two membrane (Table S3 ).
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Based on BLAST hits and predicted conserved domains (Table S4) Hrr. ezzemoulense (WP_094583293.1), Hrr. sp. SD626R (WP_092566421.1), and Hrr. 9 halodurans (WP_094531550.1). In addition, a number of related putative proviruses with 10 integrase genes have been found in the genomes of halophilic archaea or as haloarchaeal 11 plasmids [9, 18] . Recently, it has been shown that SNJ2 integrase is critical for virus replication . The same substitutions are found in HHPV4 integrase (Fig. S4 ), suggesting that 18 it also belongs to the SNJ2-type family. Interestingly, HRPV9 integrase also contains G at the 19 E/D I site, but M at the H/W III site (red in Fig. S4 ). Same substitution (M) is found also in almost 20 identical integrases of Halorubrum species mentioned above (Fig. S4 ). Whether these integrases Pleolipoviridae. In the conserved block of pleolipovirus genes, amino acid identities between 4 HRPV9 and other pleolipoviral proteins are quite low, which is typical for pleolipoviruses, 5 except for the very closely related viruses HHPV3 [9] and HHPV4 [8]. However, high (up to 6 99%) amino acid identities are found between HRPV9 and putative proviruses in the genomes of 7 halophilic archaeal strains. In addition to the previously known putative proviruses related to 8 betapleolipoviruses [9, 18] , here we have detected eleven more such proviruses (Fig. S5) . 9 Using the complete genome sequences of pleolipoviruses, phylogenomic GBDP tree 10 analyses had high support values at the nucleotide (68%; Fig. 3A ) and amino acid (80%; Fig. 3B ) 11 levels, and OPTSIL clustering suggested that all these viruses are their own species. However, at 12 the genus level, OPTSIL clustering at the nucleotide sequence level yielded nine genera (squares 13 in Fig. 3A ), while amino acid sequence level analysis suggested four genera (squares in Fig. 3B ), Table S1 . Archaeal strains used in this study. 8   Table S2 . Bioinformatic tools used for HRPV9 genome annotation 9   Table S3 . HRPV9 predicted ORFs and identified genes. 
